Summary A prospective 1-year study showed that fall incidence was 50% in women with rheumatoid arthritis. Multivariate analysis identified swollen joint count, use of antihypertensives or diuretics, one-leg standing time, and sway area measured by stabilometer as significant parameters associated with falls.
Introduction
Falls are one of the major health care concerns for older adults, and their impact is a significant public health problem. Annually, about one third of community dwellers over age 65 fall, and half of those will have a repeat fall [1, 2] . Falls are responsible for two thirds of all unintentional deaths due to injury in older adults [3, 4] . Worldwide, adults over 70 years old, particularly females, have significantly higher fallrelated mortality than younger people [5] . The severity of fall-related complications also increases with age [6] . Direct and indirect costs associated with falls total $75-100 billion in the USA annually [4] .
Falling is a multicausal phenomenon resulting from complex interactions between intrinsic and extrinsic or environmental factors [1, [7] [8] [9] . Population-based studies suggest an association between musculoskeletal problems and an increased risk of falls [7, 10, 11] . The fracture risk in a given individual is determined independently by both bone strength and risk of falling.
Accordingly, patients with rheumatoid arthritis (RA) may be at increased risk of falling because they frequently experience muscle weakness and stiff or painful joints [12] [13] [14] [15] . A high incidence of fall was reported in patients with RA [14] [15] [16] . However, only a few studies have assessed the incidence and risk of falls in patients with RA [13] [14] [15] [16] . Patients with RA are at increased risk of fractures relative to the general population. Relative risk in RA compared with the general population has been reported to be 1.5 [17] to 1.73 [18] for hip fractures, 1.48 for proximal humeral fractures, and 1.39 for wrist fractures [1] . It is well known that RA is affected by periarticular and generalized osteoporosis [19, 20] .
No prospective study concerning fall incidence in RA has been performed. This study used a prospective design to determine the incidence of falls and to elucidate their risk factors in patients with RA.
Patients and methods

Patients
Subjects were recruited while attending outpatient clinics at Tottori University Hospital, which is a tertiary referral center with 700 beds. Patients were consecutively selected for this study if they had a definitive diagnosis of RA, were between 50 and 84 years old, ambulatory, without dementia or stroke, and had the ability to understand and complete written informed consent. Eighty-seven patients fulfilled these inclusion criteria, and 84 of these agreed to participate. Investigators provided written and verbal explanations of the study and obtained written consent from subjects.
Of the 84 patients, 80 (95%) completed the entire 1-year observation. Of the four patients who dropped out, three did so during the study period and one withdrew due to the onset of dementia. Characteristics of enrolled patients are presented in Table 1 . Patients' mean age was 65.2 years old (range, 50-82 years old), and mean duration of disease was 14.9 years (range, 1-56 years). Fourteen patients (17.5%) were taking at least one biologic. Bisphosphonate and 1α(OH)vitamin D were being administered to 44 patients (55.0%) and 28 patients (35.0%), respectively. Regarding ambulatory ability, 69 patients (86%) were able to walk without a walking aid, while 11 patients (14%) were able to walk with a walking aid of some kind. In terms of comorbidities before enrollment, 28 patients had cardiac disease (including hypertension), five had diabetes, three had thyroid disease, three had pulmonary disease, three had urinary incontinence, two had another collagen disease, and one had cancer. Eighteen patients (22.5%) had undergone joint surgery on one or more limbs prior to this study. Surgeries included 15 arthroplasties of the upper extremities (12 patients), 23 arthroplasties of the lower extremities (11 patients), five spine surgery (five patients), and two osteosyntheses (two patients; Table 1 ).
Fall assessment
A fall was defined as the subject unintentionally coming down on the floor or to a lower level [11] . Falls during the 1 year of follow-up were tracked with a "fall calendar." Patients were instructed to check it when they fell [21] and to mail it to our institute each month. If they did not return the card despite a reminder, or if the calendar card was completed incorrectly, they were contacted by telephone.
Patients were divided into two groups after the 1-year observation according to their fall calendar: the fall group (one or more falls) and no-fall group (no fall).
Symptoms and activity of RA
At the beginning of the study, patients were examined and interviewed about general health as well as a detailed RA history, including duration of disease. We obtained the Modified Health Assessment Questionnaire (mHAQ) score and evaluated RA stage and patients' functional class by Steinblocker criteria [22] . Steinblocker stage was assessed based on the status of the most affected joints. Current drug treatment, including administration of glucocorticoids, biologics, bisphosphonate, and 1α(OH)vitamin D were reviewed. The number of tender and swollen joint counts was recorded. RA disease activity was evaluated by joint count (swollen and tender joints), Disease Activity Score (DAS28) (three parameters), erythrocyte sedimentation ratio (ESR) (mm/h), and C-reactive protein (CRP) (mg/ dl). Serum 25-hydroxy-vitamin D (25(OH)D) (ng/ml) concentrations were measured by radioimmunoassay (25-hydroxy-vitamin D 125I RIA kit, DiaSorin Inc., Italy).
We evaluated foot deformity with a 0 to 8 scoring system, with 1 point added for every instance, on either foot, of hallux valgus, hammer toe, flat foot, or callus on either foot.
Physical function
Physical performance test
Five physical performance tests related to falls were conducted at the beginning of this study.
Functional reach test (cm) A test of balance conducted by measuring the maximal reach of the dominant arm elevated at a 90°angle relative to the ground [8] .
Maximum step length (cm) The maximum stride length measured when the patient successfully took as large a step forward as possible with one leg, then immediately followed with the other leg so as to stand straight and still, according to the Good Walker's Index (Kenkyakudo™, Mutoh) [23] .
Five-meter walk time Time required to walk 5 m at normal speed. Patients were asked to walk 9 m at normal speed, and measurement was performed over a distance of 5 m (between the 2-and 7-m points). A 2-m approach distance and an additional 2 m beyond the desired 5-m distance ensured that the walking speed was constant across the entire 5 m. We modified Obuchi's method [24] and Tiedemann's methods [25] .
Step-up-and-down test A leg strength test in which patients were asked to step up onto and down from stools 20 and 40 cm high, using a five-point grading scale: (1) unable to step up onto (or down from) the 20 cm stool; (2) able to step up onto (or down from) the 20-cm stool, although unsteady on his/her feet; (3) able to easily step up onto (or down from) the 20-cm stool, but not the 40-cm stool; (4) able to step up onto (or down from) the 40-cm stool, although unsteady on his/ her feet; (5) able to easily step up onto (or down from) the 40-cm stool, according to the Good Walker's Index (Kenkyakudo™, Mutoh) [23] .
One-leg standing test (OLST) (s) The length of time a patient was able to stand on one leg. We asked patients to stand on one leg for as long as possible with both arms resting by their sides, and measurement was performed for each leg. The total measurement values for both legs were recorded [24, 26] .
Grip strength (kg) Grip strength was measured using a dynamometer for each hand. Patients were asked to stand upright with both arms by their sides during measurement. The total measurement values for both hands were recorded. When it was impossible to perform measurement due to a deformed hand, 0 kg was recorded.
Physical activity
Physical activity was accessed using an electric pedometer, Lifecorder™ (Suzuken Co., Ltd., Nagoya, Aichi, Japan). This device uses a solid-state medical-grade sensor and digital filtering to deliver extremely accurate results regarding day-to-day activity. The Lifecorder™ filters out motion and vibration artifacts, counting only actual steps. It also measures the intensity of physical activity and accurately records how much time is spent at moderate or greater intensity levels. Total calories (kcal), activity calories (kcal), and steps (steps) were recorded for 2 weeks and automatically averaged over 12 days (the first and last days were excluded) based on age, gender, body weight, and body height. Data were recorded from April to October, so all patients were assessed during the same time of year to the greatest degree possible. Activity calories were calculated based on energy expenditure associated with movement locomotion such as walking or running (http://www.suzuken. co.jp/english/whats/closeup/diabetes02.html).
Standing balance
The patient stood on a force sensor plate with the feet shoulder-width apart for 60 s with eyes open. Using a stabilometer (Etude Bar Ex, Hitachi Plant Technologies, Co., Ltd., Tokyo, Japan), the locus of the center of foot pressure was recorded at the beginning of this study. Total path length (centimeters) and area surrounded by locus (square centimeters) were measured automatically.
Bone mineral density and muscle and fat volume Measurement of bone mineral density (BMD) was performed using dual-energy X-ray absorptiometry (model QDR 4500A instrument: Hologic, Waltham, MA) at the beginning of this study. BMD (gram per square centimeters) of the total hip was measured. Paravertebral muscle width (millimeters) was measured by computed tomography (CT) scans at mid-abdomen (umbilicus level). Thigh muscle areas (square centimeters) were also evaluated by CT scan at mid-femur level (TXA-101A, Toshiba Medical Systems Corporation, Tokyo).
Statistical analysis
All data are expressed as means ± SD. Differences between means of two groups were assessed with unpaired t tests for parametric values and with Mann-Whitney U test for nonparametric values. Categorical variables were analyzed using chi-square tests.
Multivariate analysis was performed in addition to univariate analysis. Variables with a significance level of p<0.05 as determined by univariate analysis were selected for multivariate analysis. Multivariate logistic regression analysis was used to provide adjusted odds ratio estimates for associations with falls.
Statistical analysis was performed using StatView software (Version 5.0; SAS Institute Inc., Cary, NC, USA), and a p value <0.05 was considered statistically significant. This study was approved by the local ethics committee at the Faculty of Medicine, Tottori University (No. 640).
Results
Incidence of falls and fractures
Forty of 80 patients (50.0%) fell during the observational period (fall group), and 26 of them (32.5%) fell two or more times. Two patients (5.0%) sustained fractures during the period, one at the distal femur 6 months after enrollment and the other at the proximal humerus 9 months after enrollment. We ceased evaluating falls in the patient with the distal femoral fracture after the trauma.
With regard to monthly variation, falls occurred 10 times in 10 patients in January, 11 times in 11 patients in February, six times in four patients in March, 13 times in 11 patients in April, four times in four patients in May, six times in six patients in June, 13 times in 11 patients in July, five times in three patients in August, 12 times in nine patients in September, 10 times in six patients in October, 11 times in 10 patients in November, and five times in five patients in December.
Comparison between the fall and no-fall groups
Patient characteristics and disease activity
Characteristics of patients in the fall and no-fall groups are presented in Table 1 . There was no significant difference between the two groups in age, body height, body weight, BMI, duration of RA, and 25(OH)D serum level. In the fall group, functional class was more advanced (p=0.012), and more patients took antihypertensives and/or diuretics than in the no-fall group (p=0.002). The number of patients taking glucocorticoid was higher in the fall group (p=0.02), but there was no significant difference in mean dose between the two groups. There was also no significant difference in Steinblocker stage, and number of patients administered biologics, bisphosphonate, or 1α(OH)vitamin D. The number of patients who had undergone surgery of the lower limbs and those who were receiving hypnotics or minor tranquilizers tended to be higher in the fall group than the no-fall group (p=0.05 and p=0.06, respectively; Table 1 ).
The total swollen joint count at enrollment was significantly higher in the fall group than the no-fall group (p= 0.008; Table 2 ). The mHAQ score at enrollment was also significantly higher in the fall group than the no-fall group (p=0.03). There was no significant difference between the two groups in number of swollen joints in the lower limbs, number of tender joints, DAS28, CRP, ESR, or foot deformity score (Table 2) .
Physical performance, physical activity, and body balance
The results of the physical function test and assessments of physical activity are presented in Table 3 . One-leg standing time was significantly shorter in the fall group than in the no-fall group (p=0.008). The mean step-up-and-down test score in the fall group was lower than in the no-fall group (p=0.02). There was no significant difference in other physical performance test results between the two groups. There was no significant difference between the fall and nofall groups in the physical activities evaluated by Lifecorder™, such as averaged activity calories, averaged total calories, and averaged steps. Regarding the standing balance measurement by stabilometer, the area surrounding path length was significantly larger in the fall group than the no-fall group (p=0.003; Table 4 ).
BMD and muscle volume
There was no significant difference in BMD of the femur between the fall and no-fall groups (Table 4) . Muscle area of the lower limb and width of the trunk showed no significant difference between the fall and no-fall groups (Table 4) .
Multivariate logistic regression analysis
Multivariate analysis included risk factors determined by univariate analysis to have a significance level of p<0.05 (Table 5 ). Functional class, mHAQ, and step-up-and-down test scores were divided into two categories based on median value. Functional class was categorized as 0 (classes 1 and 2) or 1 (class 3), mHAQ scare as 0 (0-3) or 1 [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] , and step-up-and-down test score as 0 [1] [2] [3] [4] antihypertensives/diuretics, one-leg standing time, and area surrounding path length (square centimeters) were determined to be significant risk factors. mHAQ was tended to be a risk factor.
Discussion
In this prospective study, 40 of 80 patients (50%) aged 50 years and over with RA reported falls during the 12-month study period. This is the first report to ascertain the incidence of falls in patients with RA using a prospective observational study design. The fall incidence among members of the general Japanese population aged 65 years and over is reported to be between 10% and 20% [24, 27, 28] . In comparison with this more general data, the incidence of falls in patients with RA is considerably higher. A few retrospective studies have examined the fall incidence in RA patients and have reported it to range from 30% to 50% over 1 year [14] [15] [16] . A study in England retrospectively evaluated the incidence of falls by interviewing 253 rheumatoid patients aged 35 years and over, with a mean age of 62 years, and found that 33% reported a fall (36% of women) during the previous 12 months [14] . The authors concluded that falls were associated with selfreported impairment in lower limb function. Another retrospective study showed that 76 of 155 patients (49%) with a mean age of 59.7 years reported a fall during the previous 12 months [15] . A case-control study showed that more women with RA gave a history of a previous fall compared with women with postmenopausal osteoporosis (54% vs. 44%) [16] . These rates are the same or slightly lower than that observed in the current study. Retrospective studies tend to underestimate the incidence of falls when compared to data derived from a prospective study [14] . Our study was designed to evaluate the occurrence of falls prospectively, with an attempt to further increase accuracy by using a fall calendar and contacting patients every month.
This should be considered a pilot study because little is known about the occurrence of falls and risk factors in RA patients. Previous studies have identified arthritis as a risk factor for falls [12] [13] [14] [15] [16] ; however, the nature of the underlying arthritis was not specified. In this study, to assess the specific risk for falls in individuals with RA, many variables were examined.
Eight variables differed significantly between the fall and no-fall groups. Among these, we determined that swollen joint count, administration of antihypertensives and/or diuretics, one-leg standing time, and area surrounding path length were independent risk factors.
Falls among community-dwelling elderly persons have been associated with medication use, advanced age, specific diseases such as stroke, urinary incontinence, and cardiovascular disease, and physical disabilities such as muscle weakness, abnormalities of gait or balance, and joint disorders [1, 2, 7, 11, [29] [30] [31] . Physical disability was significantly more severe in RA patients who fell, and this is in accordance with previous studies [14] [15] [16] .
Administration of antihypertensives and/or diuretics may affect body balance in both elderly and RA patients. [32] and that that of recurrent falls with hypotensive diuretics in a general elderly population was 1.6 (95% CI 1.1-2.3) [11] . With regard to RA patients, the OR of association of falls with diuretics was 1.79 (95% CI 0.9-3.59) [15] . Subjects performed six physical performance tests. Falls correlate with immobility, abnormal balance, and poor physical state. The literature on fall prevention shows that poor performance on every one of the six tests has been linked to falls. In this study, the fall group tended to perform more poorly on all tests. The two groups differed most with regard to OLST and step-up-and-down test; moreover, low OLST scores were a significant risk factor.
Static balance, as evaluated by a stabilometer, tended to be more impaired in the fall group than the no-fall group. The sway area was larger and was a significant risk factor for falls. This was the same in accordance with previous studies in community-dwelling elderly women [33, 34] .
A significant risk factor for RA patients was swollen joint count, which is supported by previous studies that identified musculoskeletal problems as risk factors for falls [13, 14, 16] . Joint swelling and pain, both objective signs of joint inflammation, may affect dynamic balance or muscle strength, resulting in increased risks of falls.
The mHAQ is an important tool for predicting the prognosis of RA. A recent retrospective study showed a significant relation between mHAQ score and risk of falls [35] whereas another showed no such correlation [15] . In the present study, mHAQ score was not a significant risk factor for falls in multiple regression analyses, which may be explained by the fact that five out of eight categories in the mHAQ deal with function of the upper limbs.
Age is considered to be one of the most important risk factors for falls in the elderly [29, 30, 36] . Muscle volume decreases with age [37, 38] , and muscle volume correlates with muscle power [39, 40] . Muscle power and volume correlate with gait speed [41] and gait ability [42] . Therefore, sarcopenia is most likely one of the specific risk factors for falls in RA patients. However, neither age nor muscle volume showed any relation to fall risk in patients with RA in this study. In RA, joint disorders and gait disturbance due to chronic joint pain and swelling seem to play more of a role than age and muscle volume. Chronic pain and swelling may cause immobility and muscle weakness.
Interventions to prevent falls significantly reduce the proportion of older people who fall at least once and the monthly rate of falling. Among the interventions studied in the systematic review and meta-analyses, a multifactorial falls risk assessment and management program was the most effective component [43] . However, it is not clear whether the interventions used to decrease incidence of falls in older women could apply to patients with RA. Potential interventions for women with RA include control of disease activity, rehabilitation or exercise therapy, and balance training. Since impaired body balance due to joint disorders was associated with an increased risk of falls, control of disease activity from the time of RA onset is essential to reduce the risk of falls and the burden of fracture. Recent novel advances in the development of medications have dramatically changed the treatment of RA, and it has become possible to reduce disease activity significantly during its early stages. It is hoped that these treatments might help reduce the risk of falls and fractures.
Our study has several limitations. First, we did not include a control group of non-rheumatoid subjects and, therefore, cannot comment directly on whether RA per se is linked to an increased risk of falls. However, based on our review of the literature, the incidence of falls in RA seems to be substantially higher than that in the general population. Second, falls were confirmed based on interviews, and this might introduce some bias related to fall incidence. Third, the small number of patients enrolled in the tertiary referral center may possibly have affected the Step-up-and-down test was categorized as 0:1-4 and 1 :5 results. Since this study was designed as a prospective observation with numerous clinical parameters, the number of patients was limited. Further prospective studies with a larger number of patients evaluating more selected clinical parameters are needed to confirm the results of this study.
In conclusion, it was determined that swollen joint count, administration of antihypertensives and/or diuretics, one-leg standing time, and sway area were independent risk factors for falls in patients with RA. Since we found that impaired body balance due to joint disorders was associated with increased risk of falls in RA patients, control of disease activity as early as possible and careful consideration of total drug burden as well as drug-drug interaction are essential to reducing the risk of falls and the complication of fractures.
